quantum dot is also a powerful tool to investigate quasi-particle-related limitations on the performance of superconducting qubits (28, 31, 32) and detectors (33). Furthermore, our experimental strategy could be used to explore hybrid superconducting devices in the regime where Andreev states evolve into Majorana states (34-36).
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An array of superconducting islands placed on a normal metal film offers a tunable realization of nanopatterned superconductivity. This system enables investigation of the nature of competing vortex states and phase transitions between them. A square array creates the eggcrate potential in which magnetic field-induced vortices are frozen into a vortex insulator. We observed a vortex insulator-vortex metal transition driven by the applied electric current and determined critical exponents that coincided with those for thermodynamic liquid-gas transition. Our findings offer a comprehensive description of dynamic critical behavior and establish a deep connection between equilibrium and nonequilibrium phase transitions.
C ritical behaviors near phase transitions can be classified into universality classes determined only by a few properties characterizing the system, such as space dimensionality, range of interaction, and symmetry (1, 2) . A paradigmatic concept of universality brought deep understanding of equilibrium critical phenomena [see, e.g., (3) and references therein]. Phase transitions and criticality far from equilibrium are less well understood. The experimental evidence for universality of nonequilibrium phase transitions is still scarce, calling for intensified experimental efforts.
Superconducting vortices offer a unique tunable laboratory for studying classical critical dynamics. To that end, we prepared an array of superconducting islands where vortices are pinned between the islands in the areas of weaker proximity-induced superconductivity-that is, at the energy dimples of an eggcrate potential (4) . If thermal fluctuations are not strong enough to overcome the combined localizing action of mutual repulsion and pinning, vortices form the so-called vortex Mott insulating state at commensurate fields corresponding to an integer number of vortices per pinning site (5) . The predicted vortex Mott state seen in experiments on antidot arrays in superconducting films (6, 7) was conclusively confirmed in (8) . In our experiment, performed in a classical regime, varying the magnetic field provides precise control over the vortex density and tunes the ratio of the vortex repulsion to the mobility, enabling the observation of a vortex insulatorto-metal transition.
Each of our samples consists of a 40-nm Au layer, patterned as a four-point setup in a van der Pauw configuration for transport measurements, on a Si/SiO 2 substrate (9) . The Au pattern is overlaid with a square array of superconducting niobium (Nb) islands 45 nm thick. An array contains 90,000 Nb islands placed with a period a = 267 nm. The diameter of an island is 220 ± 3 nm and the island separation is 47 ± 3 nm. Shown in Fig. 1 , A to D, are scanning electron microscopy (SEM), atomic force microscopy (AFM), and optical images of a sample and the height profile along one of the principal axes of the array. The superconducting transition temperature of the array, determined as the midpoint of the temperature resistance curve in the upper inset in Fig. 1A , is T c = 7.3 K, which is 2 K lower than that of bulk Nb (T c0 = 9.3 K). This implies that the array is a strongly coupled network of superconducting islands (10) (11) (12) . The parameters of our array ensure that the intersite barriers are high enough to provide pinning sufficient for formation of the vortex Mott insulator state and that vortex motion is thermally activated.
The measurements are carried out in a shielded cryostat at temperature T = 1.4 K. Figure 2A shows color plots of the differential resistance, dV/dI, as a function of the applied current and the magnetic field in units of frustration parameter f = B/B 0 , where B 0 ¼ F 0 =a 2 = 28.6 mT, and F 0 ¼ pℏ=e is the magnetic flux quantum. Figure 2B displays representative isocurrent cuts as dV/dI versus B.
At modest currents, the data reveal a wealth of dips in dV/dI at integer frustrations, namely at f = 1, 2, and 3 (corresponding to integer numbers of flux quanta per elemental square of an array), as well as a fine structure of fractional dips at
= 2 , … . These minima reflect the modulation of the ground-state energy E g due to formation of periodic vortex patterns in a magnetic field (Fig. 2, C and D) . The energy spectrum of the fractional vortex Mott insulator shown in Fig. 2C is the Hofstadter butterfly spectrum of the Harper equation (13) . The dips in the resistance and singularities in magnetization at commensurate frustrations were observed in numerous experiments [see (14) and references therein].
Our key observation is a reversal of the minima in dV/dI into maxima at rational f upon increasing the current bias. Scaling analysis (see below (Fig. 2B) . The insulating behavior appears as a tendency to downward divergence of the dV/dI traces on approach to f c . Upon the vortex Mott insulator-to-metal transition with the increasing current, an upward divergence of dV/dI traces marks the metallic-like dV/dI behavior near f c . Figure 3 shows the plots of dV/dI versus B in the vicinity of f c = 1 = 2 , 1, 2. Similar minima-to-maxima flips were observed in regular superconducting systems of different geometries (15, 16) . However, the mechanism of currentstimulated depinning proposed in (15, 16) would lead to disappearance of the dips in the resistance R = V/I responsible for the dissipation, and not only in dV/dI. This is not the case in our experiment (see fig. S1 ). The resistance exhibits pronounced dips indicating strong pinning at rational f even at the currents where dV/dI shows profound maxima. Hence, the dip-to-maxima flips cannot be explained as vortex depinning.
Shown in the upper row of Fig 
where e is an adjustable parameter. The best fit of the data near f c = 1 = 2 is achieved at e ¼ 1 = 2 (Fig. 3D) . The same procedure for the left and right sides of f c = 1 and 2 gives rise to e ¼ 2 = 3 (Fig. 3, E and F) . Double-logarithmic plots in the vicinity of the above values of f c display a power-law functional form of F ± (x) º x m , as shown in the lower panels of Fig. 3, D To gain insight into the observed scaling behaviors, we focus on f c = 1. At I << I 0 , thermally activated dynamics of vortices is governed by motion of large vortex bundles and occurs via a creep mechanism without breaking the vortex lattice integrity, resulting in V º exp(-I 0 /I) (18) . General creep considerations (19) suggest that at some threshold current less than the depinning current, the elastic continuity of the vortex system breaks down and vortex dynamics occurs via the plastic gliding of dislocations. The latter is equivalent to phase slips of the superconducting order parameter resulting in the linear ohmic response (i.e., the metallic behavior). Identifying this plastic threshold current with I 0 leads to the notion that the vortex metal is a phase whose dynamics is controlled by phase slips. Very near the threshold, I → I 0 , thermally activated dynamics are governed by activation over a small parabolic barrier whose height scales as ½1 − ðI=I 0 Þ 3=2 , giving rise to for integer frustrations. Notably, the observed value of e ¼ 2 = 3 for the integer dynamic transition coincides with the corresponding mean-field value for the temperature-and pressure-driven thermodynamic electronic Mott transition (21) belonging in the class of the liquid-gas transition of classical systems (1, 21, 22) . The universal scaling properties of the current-and magnetic field-dependent dynamical resistivity experimentally demonstrate that a vortex Mott insulator undergoes a phase transition resembling a liquidto-gas transition at the nonequilibrium critical end point. The critical exponent at f c = 1 = 2 is e ¼ 1 = 2 , indicating that fractional vortex Mott transitions belong in different universality classes.
